Purpose. The importance of physical activity in various aspects of health including cognitive health estimated by students' academic performance is being emphasized in many publications. Comparatively, the relations between somatic as well as motor components of physical ability and the academic performance, are examined more seldom. For this reason, the aim of this paper is to search for relations between selected components of physical and reasoning ability, as well as to establish whether any intersexual differences may be observed.
Introduction
For a long time, research into factors infl uencing students' school performance has been being conducted. Studies have been initiated by Galton and Cattel at the turn of the 20 th century, although the more intensive attempts to explain the educational achievements made at various stages of education have been marked around the middle of the previous century. The scope of factors meaningful for school achievements (mainly described are reading, writing and mathematical skills) is very wide. The factors include purely ontogenetic traits, as well as external. To the fi rst category, one may include the level of intelligence, the level of physical development refl ected by body height and body weight [1] , birth weight [2, 3] , level of obesity [4] , diet [5] , the level of physical activity [6, 7] . The external factors include, among others, socio-economic condition of child's family [8] , atmosphere at home, level of parents' education, amount of time spent on studying, motivation [9] and some additional extra-curricular school activities [10] .
Among the enumerated factors, in the light of hypokinesia progressing in the young generation, great emphasis is put on the benefi cial role of physical activity in the formation of cognitive functions. Research conducted, among others, by Castelli et al. [4] and Hillman et al. [7] support the above statement. They indicate that moderate, regular physical activity results in increasing the level of concentration and attention span as it increases the level of control over these processes. What is more, the research conducted by Martinez-Gomez et al. [11] revealed that girls who walk to school have better school performance than those who are driven to school. This phenomenon does not apply to boys, for -according to the authors of the research -they are characterized by a naturally greater spontaneous physical activity.
Among various cognitive functions, the main role in taking up pro-health behaviors belongs to the ability of reasoning. This was indicated by the well-documented British research conducted by Batty et al. [12] . The authors point out that this is a key ability in avoiding risk-behaviors and in taking up activities conducive to widely understood health (diet, physical activity, etc.). Examining the level of reasoning ability is justifi ed at the stage directly preceding graduation from elementary school, i.e. around the 11 th /12 th year of life. At this time, the so-called period of concrete operations, manifesting itself in translating the constancy, causality and sequencing of events into this ability, ends. At the same time, neuroimaging examinations show that at this stage of life, a signifi cant development in the process of myelination of fi bers and creation of neural connections takes place [13, 14] , which leads to an increase in the speed of ongoing processes [15] . In the process of reasoning, a signifi cant role is played by the prefrontal cortex which is simultaneously the location of the basic movement centers [16] . Taking this information into consideration, Hillman et al. [7] assumed that increased physical activity and the following escalated blood-supply to the brain can be indirectly conducive to increased oxygenation of cognitive centers and, as a consequence, translate itself into higher ability of the reasoning processes. The ability of reasoning is also believed to be of utilitarian importance as it is emphasized that its high level is signifi cant considering good perspectives for future employment, and for it is a foundation of mathematical abilities which facilitate access to attractive jobs [17] .
The survey of factors infl uencing school performance presented above indicates that described are mostly the interrelations between either the somatic component (mainly body height and weight, or BMI) or the motoric one of the physical ability, with the school performance, mainly the abilities to read and write [18, 19] . There are not enough studies which would consider simultaneously both the constitutive elements, i.e. the somatic one and the motor one. Thus, the aim of this paper is to search for relations between the ability to reason and selected components of physical ability of 12-year-old elementary school students.
Material and Methods
The research, on the basis of which this paper was written, had been conducted in 2007 in selected rural elementary schools in Lower Silesia in which it was possible to establish a relatively homogeneous group of children examined. These were schools located in the following villages: Kotla, Nielubia, Kromolin, Brzeg Głogowski, Rosochata, Rzeszotary; they were characterized by a similar: population density, distance from bigger towns (Legnica and Głogów), infrastructure (gymnasium, doctor's offi ce) and similar structure of parents' education (on the basis of survey data). The condition for inclusion in the research was the parents' and the principal's permission. In the paper, the results of 98 children at the age of 12 (11.50-12.49) were used, i.e. 53 girls (mean = 12.09) and 45 boys (mean = 12.12). Among the somatic traits taken into account were the body height and weight and the BMI was calculated. The level of motor abilities was estimated on the basis of tests examining strength (the grip strength of forearm and hand muscles, sit-ups), speed (shuttle run, speed of movements of the upper extremity, standing long jump) and agility as an anatomical-functional trait. The specifi c trials (with the exception of sit-ups and shuttle run) were conducted twice, while in the analysis the more favorable result was used.
The school performance estimation in the category of reasoning (dependent variable) was based on the results of the national Polish examination, taken by students at the end of elementary school. Accuracy and reliability of the test is guaranteed by a team of experts from the Polish Ministry of National Education, who prepare the sixth-grade exam every year.
Gathered data was further examined in a statistic analysis; average values, standard deviation, and coeffi cient of variation were calculated. The signifi cance of differences between the variables was estimated using multivariate analysis of variance. Connections between independent variables (somatic and motor) and a dependent variable were estimated with the use of the Pearson correlation. As it was assumed, in the described phenomena, the interrelations do not have to be linear, thus in further proceedings, the best subset method in regression analysis was employed. In interpreting the results of R2 multiple determination, the value of which determines what percentage of the variance of the dependent variable triggers causes, measured using the independent variables added together. Calculations were conducted in the Laboratory 
Results
Introductory statistical analysis did not indicate any signifi cant intersexual differences in the basic measurements of somatic development, despite the fact that the absolute values marked a slight advantage of the girls in the respect to body height, connected to -as it may be expected -the earlier beginning of pubescence (Tab. 1). Considering the specifi c motor tests, the registered results differentiate the students in those tests which were directly related to expending strength. Thus, a statistically signifi cant dominance of boys was visible in the static arm strength and explosive strength of lower extremities tests (standing broad jump), whose results are conditioned by processes of neuro-muscular coordination.
While estimating the level of students' reasoning ability, one can observe that the girls received better results; this is not, however, confi rmed statistically (Tab. 1). This conclusion is convergent with other authors' reports, as in the tests at the end of elementary school, girls usually receive better results which is connected to their greater diligence and care about gaining better marks [20] .
Subsequently, simple interrelations between the considered variables considered were. In the group of girls (Tab. 2), a directly proportional interrelation be- 
2).
While analyzing the simple interrelations between the described variables one can, thus, observe the occurrence of intersexual differences. However, taking into account the reports presented in the introduction, which indicate a connection between the motor and cognitive spheres of a human, the fact that somatic features are the biological basis of achievements in motor tests and that the presented phenomena are infl uenced by concomitant and interdependent factors, in further analysis, the method of optimal regression was applied, considering both somatic and motor components of physical fi tness. As a consequence, models of regression confi rming the occurrence of intersexual differences in respect to the factors related to the reasoning ability were obtained (Tab. 3). The concurrent inclusion of somatic and motor factors as conditions of the reasoning ability is justifi ed because the simple interrelations between the somatic sphere and school achievements, as well as between the motor sphere and those achievements, have not been explicitly explained [6, 21, 22] .
In the group of girls, the variables selected for the model describing reasoning ability are almost 37% of the time the cause of variability of the results of this ability; in the case of boys, this value is lower and reaches 17%. For the students of both sexes, the higher level of physical and motor development is conducive to receiving better results in the test estimating the presented ability. Only fl exibility, as an anatomic-functional trait, selected for the regression model in the group of girls indicated negative dependence.
The description of the results presented above indicates the incidence of interrelations between the traits of physical and motor development, and students' reasoning ability. While such interrelations with the level of somatic development (the issue of the nervous system maturity) could be expected, the nature of the relationship with the motor part could present a certain unknown.
Discussion
The issues related to students' school performance and the possibility of its infl uence through various factors are an interesting fi eld of scientifi c investigation. The somatic and motor components of physical ability selected for the analysis seem to belong to the group of factors which can be of importance in obtaining high results in the signifi cant and utilitarian ability to reason. The relationships between the cognitive sphere and the level of motor development have already been pointed out in the 1960s by Maria Montessori -the author of the well-known Montessori pedagogical concept. She suggested that the ability of diversifi ed application of objects which the child manipulates refl ects the level of his/her psychomotor ability [23] . By employing this theory, one may observe that a higher level of motor ability is the consequence of processes running more effi ciently in the nervous system and therefore, a higher level of motor maturity.
Accepting the close relation between somatic and motor development, as well as the importance of biological foundations in obtaining specifi c results of the motor tests as a fact, the interaction can be also observed in the cognitive sphere of an organism. The R 2 -coefficient of determination, p < 0.05 and ß significant at the level of p < 0.05 -highlighted using bold type.
-----consequence of the said interaction in the group of boys is the possibility to obtain higher results in the test examining the reasoning ability of the students who are more advanced in somatic development (body height) and motor development (plate tapping test, standing broad jump). The occurrence of explosive strength of the lower extremities (belonging de facto to the group of speed abilities) in the regression model of the boys' results, and its co-occurrence with the results of the upper extremity speed test can be visible in the fact that besides the effi ciency of the nervous system, it is to a great extent determined by speed. It seems, therefore, that in the description of the boys' reasoning ability, a signifi cant role is played by abilities related to speed and by the physical development expressed through body height. Similar conclusions can be drawn from the paper of Haleczko et al. [20] , who have proven that school achievements in the fi eld of science (thus also reasoning) show a signifi cant connection to the test estimating the body's ability to make moves of high frequency (although, other than in my own research, it applied to the movement of the lower extremities).
In the group of girls, the somatic sphere is represented in the regression model by the BMI, which can be explained by their approaching pubescence and, therefore, a certain distortion of body proportions resulting from the accumulation of tissue energy stocks necessary for intensive biological development. Moreover, another factor has been selected for the model -a factor being in fact related to motor performance (fl exibility), but dependent on certain characteristics conditioned by sex, i.e. different from boys' anatomical structure (mainly in the area of the pelvis), as well as the effects of female hormones, conducive to a more pliant structure of the connective tissue [24] . This trait occurs in the regression model together with the BMI and the speed ability (standing broad jump).
Consequently, one may assume that also in the case of girls, a signifi cant role of nervous system maturity is visible (the occurrence of the standing broad jump results in the model), especially as the processes of neuro-muscular coordination are the basis for tests in this category. The differentiated by sex way of selecting the variables, which are based on the neuromuscular coordination, can be connected with other predispositions necessary for obtaining high results, and also signifi cant are the frequency of movements and time of reaction -usually superior in the boys' performance [20] .
In summary, it may be concluded that for the description of reasoning ability both somatic and motor components of physical ability are crucial. While the fact of occurrence of relations between school achievements and motor abilities has been suggested in previous research [e.g. 22, 25, 26] , my own research indicates a differentiated by sex way of reasoning ability test results explanation and suggests a necessity for including the somatic component of physical ability.
Conclusions
1. No signifi cant intersexual differences were observed within the range of reasoning ability, and somatic or motor development, with the exception of the tests examining strength abilities, where the dominance of boys is noticeable. 2. A higher level of somatic and motor development is conducive to better results of the reasoning ability test performed by 12-year-old elementary school students. 3. The somatic and motor variables employed in the paper, seen as a set of explanatory variables, depend on subject's sex in 17-37% and are the source for the variability of the reasoning ability results.
